T , A-328, and A-384) were retrieved from apparently healthy scleractinian Madracis decactis in the remote St Peter & St Paul Archipelago, MidAtlantic Ridge, Brazil. The novel isolates formed a distinct lineage based on the phylogenetic reconstruction using the 16S rRNA and pyrH gene sequences. They fell into the Mediterranei clade and their closest phylogenetic neighbour was V. mediterranei species, sharing upto 98.1 % 16S rRNA gene sequence similarity. Genomic analysis including in silico DDH, MLSA, AAI and genomic signature distinguished A-354 T from V. mediterranei LMG 19703 (=AK1) with values of 33.3, 94.2, 92 %, and 11.3, respectively.
Phenotypically, the novel isolates can be differentiated from V. mediterranei based on the four following features. They do not grow at 8 % NaCl; use D-gluconic acid but not L-galactonic acid lactone as carbon source; and do not have the fatty acid C 18:0 . Differentiation from both the other Mediterranei clade species (V. maritimus and V. variabilis) is supported by fifteen features. The novel species show lysine decarboxylase and tryptophan deaminase, but not gelatinase and arginine dihydrolase activity; produce acetoin; use a-D-lactose, N-acetyl-D-galactosamine, myo-Inositol, D-gluconic acid, and b-hydroxy-D,L-butyric acid; and present the fatty acids C 14:0 iso, C 15:0 anteiso, C 16:0 iso, C 17:0 anteiso, and C 17:1x8c . Wholecell protein profiles, based on MALDI-TOF, showed that the isolates are not clonal and also distinguished them from the closes phylogenetic neighbors. The name Vibrio madracius sp. nov. is proposed to encompass these novel isolates. Electronic supplementary material The online version of this article (doi:10.1007/s00284-014-0600-1) contains supplementary material, which is available to authorized users.
Introduction
Madracis decactis is a zooxanthellate scleractinian coral, affiliated to a genus widely distributed along the Brazilian and Caribbean coasts (from Parcel de Manuel Luiz Reefs, in the north, to the coast of Santa Catarina, in the south), in all Brazilian oceanic Islands (Fernando de Noronha, Roca Atol, St Peter & St Paul Archipelago (SPSPA) and Trindade/Martim Vaz), and West Africa [5, 15, 16, 18] . M. decactis accounts for relevant reef structures in the southeastern Brazilian coast (São Paulo) and these populations were seriously affected by a bleaching event during the 1993/4 summer [13] . The study of the culturable heterotrophic microbiota in the remote SPSPA analyzed 403 isolates from healthy and bleached M. decactis and the corallivore polychaete Hermodice carunculata (fireworm). Three Vibrio isolates (A-354 T , A-328, and A-384) retrieved from healthy M. decactis could not be precisely assigned to any known Vibrio species [14] . The novel isolates shared at maximum 98.1 % 16S rRNA gene sequence similarity toward the species V. mediterranei. The independent position of the novel isolates was confirmed by pyrH gene based on phylogenetic reconstruction.
The aim of the present study was to perform a detailed taxonomic characterization of the three novel isolates originated from healthy M. decactis in SPSPA (Online Resource 2), based on the polyphasic and genomic approaches described previously [26, 28] . A-354
T was isolated using thiosulfate-citrate-bile salt-sucrose (TCBS) medium, whereas A-328 and A-384 using Marine Agar (DIFCO), the three strains at ambient temperature (*27°C), after 48-h incubation. Gene sequences of 16S rRNA and uridylate kinase (pyrH), were obtained as described previously [14] . Raw sequence data were assembled using ChromasPro V. 1.7.1 (Technelysium Pty. Ltd, Australia) to generate consensus sequences. The sequences were blasted against the GenBank world database to retain closest matches to include in the phylogenetic analysis. Pairwise similarities of these sequences with those of the closest phylogenetic neighbors were calculated using Jalview V.2 [30] . Pairwise and multiple alignments were performed using ClustalW [12] .
Similarity matrices and phylogenetic analysis were performed using MEGA 5 (Molecular Evolutionary Genetics Analysis) [25] . Trees were drawn using the neighbourjoining statistical method [22] . The robustness of each topology was checked by 1,000 bootstrap replications [7] . Overall mean distances indicated no correction (uniform) for rates among sites. Gaps missing data treatment was complete deletion. The evolutionary distances were computed using Kimura 2-parameter, (Fig. 1) ; Jukes-Cantor (Fig. 2) , and the p-distance (Online Resource 4) methods. All substitutions (transitions and transversions) were included.
The whole genome of A-354 T was sequenced by means of Ion Torrent technology as described by Quail et al. [21] with minor modifications, as follows. Library preparation was carried out using the Ion Plus Fragment Library Kit, with 1 lg DNA (in Low TE, 50 lL). DNA was fragmented using the BioRuptor Ò Sonication System as described in the Ion Plus Fragment Library Kit protocol. End repair, adapter ligation, nick repair, and amplification (8 cycles) were also performed as described in the Ion Plus Fragment Library protocol. 300-and 400-bp fragments were selected through agarose gel (2 % m/v) electrophoresis. Quality and concentration of the libraries were determined using Agilent 2100 Bioanalyzer with the associated High Sensitivity DNA kit (Agilent Technologies), as well as with Ion library Quantization kit using TaqMan Ò in a 7500 Real-Time PCR System (Applied Biosystems Ò ). The amount of library required for template preparation was calculated using the Template Dilution Factor calculation described in the protocol. Emulsion PCR and enrichment steps were carried out in the Ion OneTouch TM 200 Template Kit v2. Ion Sphere Particle quality assessment was carried out as outlined in this protocol. Sequencing was undertaken using 314 chips without barcoding. The Ion PGM TM 200 Sequencing Kit was used for sequencing reactions following the recommended protocol and Torrent Suite 1.5 was used for analyses. The reads were assembled using De novo Assembly in the Ion Torrent Platform based on MIRA software. DNA G?C content was determined through Rapid Annotations Using Subsystems Technology (The RAST server version 4.0) [3] .
MLSA was performed with partial gene sequences of the 16S rRNA, pyrH, recombination repair protein (recA), RNA polymerase alpha subunit gene (rpoA), actin-like cytoskeleton protein (mreB), and DNA gyrase subunit B (gyrB) (4,082 nts) as described previously [23] . recA (JN039146) and rpoA (JN039148) gene sequences described for LMG 19703 were employed as templates for ortholog search against A-354 T genome using BLAST algorithm in RAST environment. The template for mreB search was retrieved from AK1 (=LMG 19703) genome (gi|149189046:34693-35736). Strain A-203 was included in pyrH-and MLSA-based phylogenies, as a representative of all AK1-related strains isolated from the fireworms in SPSPA [14] . Strains and accession numbers of the sequences employed for concatenated tree building are listed in Online Resource 3. Pairwise similarities, alignment, and phylogenetic reconstruction were performed as above mentioned. AAI was calculated as described previously [10] . The genomic signature was determined by the dinucleotide relative abundance value for each genome [8, 9] . The genome distance was calculated using GGDC [1, 2] .
The gene sequence data obtained in this study are available through the open access website TAXVIBRIO (http://www.taxvibrio.lncc.br/). The GenBank accession numbers for the 16S rRNA, pyrH gene sequences for 
Phenotypic characterization was performed using commercially available miniaturized kits (API 20E and API ZYM; BioMerieux) as described previously [11, 29] and by BIOLOG GEN III metabolic fingerprinting, following the manufacturer's instructions. These tests included determination of temperature, salinity growth ranges, several biochemical responses and 71 carbon source utilization assays. Unless indicated otherwise, isolates were grown onto MA for 24 h at 30°C. The optimal growth temperature was determined using MA at pH 7.5, and the optimal salinity was determined in peptone water (1.5 % peptone, 30°C, pH 7.5). Growth under anaerobic conditions was determined after incubation in an anaerobic atmosphere (Microanaerobac, PROBAC, Brasil) on MA at 30°C. Fatty acid methyl ester analyses (FAME) were performed using the Sherlock Microbial Identification System according to the standard protocol. To this end, isolates were harvested from MA after 24 h of incubation at 30°C. Protein analysis by matrixassisted laser desorption/ionization time-of-flight (MALDI-TOF) MS was performed as described previously [31] . Briefly, isolates were subcultured twice on MA for 24 h at 30°C. MALDI-TOF MS was conducted using a 4800 Plus MALDI-TOF/TOF Analyzer (Ab Sciex NV) in linear mode and the 4000 Series Explorer Software v3.5.3 (Applied Biosystems). Mass spectra were analyzed using BioNumerics v5.1 (Applied Maths) and clustered with unweighted pair group method with arithmetic averages (UPGMA) using Pearson's correlation coefficient. [24] . Strains of the closest related neighbors were included for comparison.
The 16S rRNA gene sequence analysis revealed that the three novel isolates (A-354 T , A-328, A-384) formed a tight monophyletic branch affiliated to the genus Vibrio (Fig. 1) . The three novel isolates shared more than 99 % 16S rRNA gene sequence similarity. The species V. mediterranei (LMG 19710) was the closest, sharing 98.1 % similarity with the novel isolates. However, the pyrH gene sequence similarity between the novel isolates and LMG 19710 was at maximum 89.5 % (Online Resource 4). The MLSA including 16S rRNA, pyrH, recA, rpoA, mreB, and gyrB gene sequences confirmed that A-354 T is closely related to V. mediterranei, but can be clearly distinguished from the closest neighbors, (Fig. 2) at lower similarity levels than the cut-offs determined to define a species of the family Vibrionaceae [27, 28] . Trees based on partial sequences of the housekeeping gene pyrH (531 bp) and on the six genes MLSA (4,082 bp) confirmed the phylogenetic position in the genus Vibrio, in a separate branch, clearly indicating that they belong to a new Vibrio species (Fig. 2 Four phenotypic features distinguish the novel isolates from V. mediterranei species. V. madracius sp. nov. can grow at 8 % NaCl; uses D-gluconic acid, but not L-galactonic acid lactone as carbon source; and does not present the fatty acid C 18:0 (Online Resource 5). Differentiation from both the other Mediterranei clade species (V. maritimus and V. variabilis) is supported by the following 15 traits: lysine decarboxylase and tryptophan deaminase, but not gelatinase and arginine dihydrolase activity; acetoin production; use of a-D-lactose, N-acetyl-D-galactosamine, myo-inositol, D-gluconic acid, and b-hydroxy-D,L-butyric acid; and presence of the fatty acids C 14:0 iso, C 15:0 anteiso, C 16:0 iso, C 17:0 anteiso and C 17:1x8c . MALDI-TOF MS protein profiles distinguished the novel isolates among each other, suggesting that they represent different populations in nature. The protein profiles also allowed their discrimination from the closest related species of the Mediterranei clade (Online Resource 6). MLSA was more discriminative than MALDI-TOF, and FAME for strains differentiation. Based on the phenotypic, genomic, and phylogenetic evidence provided in the present study, we propose to classify the three isolates as a new species, V. madracius sp. nov. (Table 1) .
Description of Vibrio madracius sp. nov
Vibrio madracius (ma.dra'ci.us. L. masc. adj. madracius, after Madracis, the coral host genus)
Colonies are pale beige, regular shaped, with smooth and translucent edges, 1 mm in diameter after 24 h at 30°C on MA under aerobic conditions. On TCBS colonies are yellow, round, with a smooth border and 2 mm in diameter. Cells are Gram-negative, non-spore-forming rods (0.9 9 2.3 lm), motile, facultative anaerobic, oxidase, and catalase-positive. Grows well between 16 and 40°C, shows poor growth at 15°C, and does not grow at 4 and 42°C. No growth occurs in the absence of NaCl, but grows well under NaCl concentrations of 1-8 % (w/v). Grows at pH 6-11. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase, N-acetyl-b-glucosaminidase, lysine decarboxylase, tryptophane deaminase, and indole production; but negative for cystine arylamidase, trypsin, a-chemotrypsin, b-glucosidase, b-glucuronidase, a-mannosidase, a-fucosidase, H 2 S production, arginine dihydrolase, ornithine decarboxylase, urease, acetoin production (VogesProskauer), and gelatinase activity. Variable reactions were obtained for valine arylamidase (?), acid phosphatase (-), and a-galactosidase (-) (whenever variable within species, result for the type strain is in parentheses). Reduces nitrate to nitrite, but not nitrite to N 2 . Produces acid from glucose, sucrose, mannitol, sorbitol, melibiose, and amygdalin, but not from rhamnose and arabinose. Acid from inositol was variable (?). ; v . ?, positive; -, negative; w, weak; v, variable; nd, no data available. All taxa form yellow colonies in TCBS; are negative for Gram stain, growth at 4°C and in the absence of NaCl, urease activity and ornithine decarboxylase; but positive for oxidase, catalase, indole production, acid production from sucrose; cellobiose, trehalose, D-mannose, D-fructose, D-mannitol, N-acetyl-D-glucosamine, L-glutamic acid, L-serine and L-lactic acid utilization. Data in parentheses are for the type strains Data from a [11] b [29] c [19] d [20] e [17] f [4] g [6] A 
